As aging comes, an increased prevalence of medical maladies and chronic pain independently or interactively disrupt sleep, which in turn can exacerbate either one. Furthermore, anxiety about pain can further negatively impact sleep. Fortunately, good quality sleep can improve pain management. Because benzodiazepine receptor agonists (including the "Z" drugs) can reduce anxiety and improve sleep, they seem a convenient choice. However, their use in this population, particularly for more than short-term (guidelines range from 2 to 6 weeks max), is not recommended because of increased likelihood of falls, further disruption of sleep, dependence, and problems with discontinuation (withdrawal). Besides, this population is often likely to take concomitant medication for pain or other central nervous system depressants leading to potentially serious and even life-threatening interactions involving synergistic amplification of respiratory depression (opioids being a particularly dangerous interaction). Therefore, insomnia in older adults should ideally be treated with a non-benzodiazepine receptor agonist; if indicated, they may be used, but should be closely monitored and tapered to avoid long-term adverse problems (direct or from withdrawal). Older adult patients with insomnia may be more optimally treated with sleep aids that do not interact with the GABA A receptor.
Pharmacology & Pharmacy of insomnia occur more frequently with aging and in the chronic pain population [1] . In a study of 2790 older adults with chronic pain, the rate of clinical insomnia was 24.6%, and these patients were more likely to experience more frequent episodes of pain and pain of greater intensity than age-matched chronic pain patients without insomnia [2] . The treatment of insomnia in the older chronic pain population remains problematic because many of these patients are on (usually necessary) polypharmacy, and the introduction of other medications increases the risk of potential pharmacokinetic drug-drug interactions. Furthermore, many traditional sleep aids are associated with compliance-limiting adverse events or are not indicated for long-term use. A better agent for improving sleep in the geriatric chronic pain population would be an agent that would improve sleep latency (onset time), prolong the duration of sleep, prevent middle-of-the-night wakefulness, have few and tolerable adverse events, not be associated with increased somnolence or daytime drowsiness, and not have abuse potential or problems associated with discontinuation (withdrawal) [3] .
Sedative drugs (e.g., benzodiazepines, barbiturates, and certain other sleep aids) are widely used for treating insomnia, although the Beers Criteria states that benzodiazepines, non-benzodiazepine receptor agonists (the so-called "Z"-drugs), and other sedative-hypnotics are not appropriate for older patients [4] . In one survey, 8 .7% of individuals between the ages of 65 and 80 in the United States had a prescription for a benzodiazepine, and of this group nearly a 1/3 rd were using them long-term, which the survey defined as >120 days (but it should be noted that current guidelines recommend from 2 to 6 weeks max) [5] . Women received benzodiazepine prescriptions more often than did men and 10% of all females 65 -80 yr had been prescribed a benzodiazepine [5] . Overall, about 1/4 th of benzodiazepine prescriptions are for long-acting formulations [5] .
Most benzodiazepine prescriptions are written by non-psychiatrics; in the population of adults between 18 and 80, about 2/3 rds of prescriptions are written by non-psychiatrists and in the subgroup of individuals between the ages 65 -80, 90% of prescriptions for benzodiazepines are written by non-psychiatrists [5] . Despite growing evidence of risks associated with benzodiazepines in older patients, a retrospective study based on data from the National Ambulatory Medical Care Survey of primary care providers (n = 14,282) and psychiatrists (n = 1095) found a significant increase over the years in the rate of visits for benzodiazepines (from 5.6% in 2003-2005 to 8.7%, adjusted odds ratio 1.62, p < 0.001), with increases noted among those with pain diagnoses [6] .
Benzodiazepines are increasingly prescribed to geriatric pain patients in the United States and other parts of the world, institutionalized individuals and community dwelling-outpatients, despite well-established evidence that they are associated with high risks [7] . The aim of this study was to present a concise summary of the basic science behind benzodiazepine pharmacology, the associated risks of benzodiazepine use in the older adults and the beneficial role of sleep in chronic pain patients, and finally to consider possible alternative treatment options.
Methods
This narrative review is based on literature searches in PubMed, MedLine, and other on-line sources for "benzodiazepine × geriatric × pain" (31 results), "benzodiazepine × geriatric × sleep" (112 results with 15 results from the past 5 years) and "benzodiazepine geriatric" (595 results, 148 in the past 5 years). In addition, the authors searched for related terms and reviewed the bibliographies of key articles.
Benzodiazepine Pharmacology
Benzodiazepines are chemically distinct from the so-called "Z-drugs" (e.g., Zaleplon, Zolpidem and Zopiclone), but since they have similar pharmacology, they will be considered here together. The benzodiazepines are composed of a benzene ring plus a diazepine ring and act at the benzodiazepine receptor (BZD-R); the "Z"-drugs lack the distinctive BZD chemical structure (Figure 1 ), but likewise act as agonists at the BZD-R.
Gamma (γ)-aminobutyric acid (GABA) is a neurotransmitter that mediates inhibitory transmissions at most brain neurons. Three GABA-receptor (GABA A -R) types have been identified, which are designated by subscripts A (ionotropic), B (metabotropic), and C (not relevant to this discussion) [8] . There are multiple subtypes of GABA A receptors [8] . GABA A -R is an ionotropic type receptor, which means that it is a ligand-gated ion channel. Activation by an endogenous agonist (i.e., GABA), exogenous agonist, or positive allosteric modulator (e.g., benzodiazepines or "Z"-drugs) results in an increase in Ca 2+ efflux as the mechanism of signal transduction. Most GABA A receptors consist of five subunits (designated α, β, and γ) [8] . There are at least six different α-subunits, four different β-subunits, and three different γ-subunits. Thus, there are a large number of possible subunit combinations, resulting in GABA A receptors with different and distinct electrophysiological and pharmacological characteristics. Benzodiazepine receptors are allosteric modulatory sites located on the GABA A receptor complex [9] .
Benzodiazepines and other similar agents act at the brain's BZD-Rs by potentiating the inhibitory effects of GABA in the brain. [10] [11] [12] . Other drugs may also act at these binding sites as agonists (such as midazolam and other Figure 1 . Structural template of BZDs and some non-BZD BZD-R agonists: imidazopyridines (e.g., zolpidem), pyrazolopyrimidines (e.g., zaleplon), and cyclopyrrolones (e.g., eszopiclone). benzodiazepine derivatives are available as drugs [13] . Depending on the compounds, GABAergic transmission may be enhanced, reduced, or not affected by the binding activity [9] . The brain contains high-affinity binding sites for benzodiazepine agents, which bind to these sites in a way that is stereospecific and saturable ( Figure 2 ) [9] .
Although the presence of these receptors is widespread in the human brain, the highest density of BZD-R is found in cortical and limbic regions (such as hippocampus, nucleus accumbens, amygdala, and mammillary bodies). Basal ganglia, thalamic and hypothalamic nuclei have intermediate densities, with lower density presence in brain stem and white matter [14] . The central BZD-R was discovered and described in the literature in 1977 [15] [16], was demonstrated on radiography in humans in 1988 [14] , and can be summarized as receptors that exert a positive allosteric modulation of GABA A receptors.
Peripheral BZD-R was discovered around 1992 [17] . These sites might better be known as translocator proteins (TSPO), the function of which has not yet been fully elucidated. However, TSPO may be involved in steroid biochemistry, cell proliferation, apoptosis, and immunomodulatory effects. TSPO-null mice (TSPO -/-) are viable [18] . As demonstrated in a study of six healthy subjects undergoing positron emission tomography (PET) scans, TSPO sites are widespread throughout the body, and are associated with mitochondria (the cell's energy organelles) and immune cells [19] .
Benzodiazepines are highly protein-bound and well absorbed in the body.
Some, such as lorazepam, have a hydroxyl group and are metabolized via glucuronide conjugation with relatively short elimination half-life [13] . Others are demethylated or oxidized prior to conjugation, resulting in a longer half-life and the potential for more accumulation over time. Some benzodiazepines have 
Risks of Benzodiazepine Use in Older Adult Pain Patients
Side effects of benzodiazepines include drowsiness, fatigue, lethargy, sedation, stupor, disturbed concentration, disturbed attention, hypotonia, ataxia, "hangover" effects, and the recurrence of symptoms upon drug discontinuation ("symptom rebound"), and the panoply of new symptoms that might be intro- In 2016, the U.S. Food and Drug Administration (FDA) issued a communication about the serious and potentially life-threatening risks of combining benzodiazepines with the opioids [31] . These and other drugs (e.g., alcohol, barbiturates, and propofol) may create additive or supra-additive levels of central nervous system depression when used concomitantly with benzodiazepines.
Morbidity associated with benzodiazepine use appears to be more severe among geriatric patients. In a two-year retrospective study of 387 consecutive patients admitted to hospital for benzodiazepine poisoning (unintentional or intentional overdose), hospital length of stay was longer in those > 65 years compared to younger patients (15 -65 yr). The incidences of coma, respiratory failure, and aspiration pneumonia occur more often in older patients [32] , and chronic use of benzodiazepines is associated with diminished quality of life (limitations in mobility, instrumental activities of daily living, and social participa- 
Neurotransmitters in the Sleep/Wake Cycle
The human sleep/wake cycle is governed by the "flip-flop" of homeostatic and circadian systems, which compete against each other. The homeostatic system regulates the amount of sleep, and it generally ramps up the longer one that is wakeful. The physiological circadian "internal clock" relies on internal and external cues (mainly light and dark) to govern the timing of sleep [34] . Thus these two systems work in coordinated fashion with each other, switching back and forth. It is not a binary system, but rather a progressive gradation between wakefulness and sleepiness in varying degree [35] .
GABA is the major inhibitory neurotransmitter in the brain and in inhibitory circuits. It is the main neurotransmitter in the ventrolateral preoptic nucleus (VLPO), which promotes sleep. During sleep, the VLPO inhibits histamine (histamine promotes wakefulness). The wakeful system is mediated in part by histamines in tuberomammillary nucleus, serotonin from the raphe nuclei, orexin from the perifornical area, dopamine from ventral periadqueductal gray area, and others [35] . Of particular note is orexin, a peptide produced in hypothalamus that projects to some of the same targets that GABA inhibits [36] . Orexin decreases sleep-promoting activity and thus indirectly promotes wakefulness [37] . The exact role of orexin in sleep-wakefulness is still being elucidated. But it is known, for example, that 90% of narcoleptics have inadequate levels of orexin [38] .
While a great deal remains to be learned about the neurotransmitters associated with the sleep-wake cycle, GABA appears to regulate the homeostatic side and orexin circadian cycles. Some evidence suggests that insomniacs have lower levels of GABA [39] . This, in turn, implies that medications that increase GABA may be helpful in treating insomnia. In a study of animals and humans, blocking orexin receptors encouraged sleep [40] . Therefore, both systems may be potential targets for insomnia drugs.
Alternative Therapies for Insomnia in Older Adult Pain Patients
Chronic pain and insomnia often occur together in aging, sometimes in a self-regenerating vicious cycle. Benzodiazepines are widely used for the treatment of insomnia. Unfortunately, about a quarter of those taking benzodiazepines are taking them long term, where the risks of direct adverse effects, or withdrawal, are not well known by many prescribers [41] . For older adults with chronic insomnia, nonpharmacological methods (such as cognitive behavioral therapy and sleep hygiene strategies) should be considered as 1 st -line approaches, with pharmacotherapy reserved for more severe cases [42] . Nonpharmaco- While numerous pharmacological approaches are available to treat chronic insomnia, studies of the drugs for long-term use in the older adult chronic pain population are rare [42] . A PubMed search of the keyword phrase "insomnia medication × chronic pain × geriatric" produced three results, none of which were clinical trials.
The American Geriatrics Society Beers Criteria advises against the use of benzodiazepine and non-benzodiazepine BZD-R agonists in older adults (they have an increased sensitivity and decreased metabolism for long-acting agents),
stating that all BZD-R agonists increase in geriatric patients the risks for cognitive impairment, delirium, falls, fractures, and motor vehicle crashes [44] . Thus, alternative insomnia medications must be considered, particularly those that do not interact with GABA A .
For treating insomnia, clinicians should first consider the possibility of organic disorders that may necessitate specific treatment, such as narcolepsy or sleep apnea [45] . Prior to initiating a treatment, clinicians should obtain a complete medical and psychiatric history, including indication of mental health problems, dementia, or substance abuse, and address them. Clinicians should also review the pharmacological regimen of the patient and adjust, if possible, any agents (prescription or OTC) the patient is taking that many interfere with proper sleep. As 1 st -line treatment, clinicians might want to consider behavioral or cognitive therapy rather than drugs. These are not part of the present review, but may include sleep restrictions, stimulus control, and changes in patient's dysfunctional beliefs. Usually, pharmacotherapy should be reserved for those who do not respond to nonpharmacological treatments. As much as possible, chronic use of such medication should be avoided, but a short course might be appropriate [46] . New drugs for treating insomnia that do not target the GABA A -R system are emerging [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] .
For patients with chronic neuropathic pain or for those whose insomnia may be related to restless leg syndrome, pregabalin or gabapentin might be appropriate. Valerian and melatonin are not well studied and may be considered as supplements [3] . Many drugs are used off-label to treat insomnia in elderly chronic pain patients. The American Academy of Sleep Medicine recommends that off-label drugs be considered only when the patient fails to respond to approved drugs or when that patient has a comorbid indication for which the drug is appropriately prescribed and the drug happens to benefit the patient as a sleep aid 
Discontinuance and Withdrawal
With continued administration, almost all drugs elicit a progressive increasingly large compensatory response that works in opposition to the direct drug-induced effect [58] . The observable external manifestation of this physiologic adjustment is a progressive decrease in drug-induced effect with each subsequent administration of dose, a process termed development of tolerance [59] . It should be noted that "tolerance" as used here is a basic science term and it is not the same as the lay term meaning "getting used to" something. The development of tolerance occurs at different rates and to different extents for different drugs. Perhaps the most well-known example of the development of tolerance is the development of tolerance to opioid drugs (morphine, oxycodone, etc.). In the clinical setting, this means that more opioid drug is needed to provide the same level of pain relief. In the case of opioid substance abuse, this means that an ever-increasing amount of drug is required to achieve the same level of desired effect. Because the process of requiring more drugs is similar in both cases, they are sometimes conflated to erroneously suggest that development of tolerance to a drug is the same as abuse or "addiction". However, they are not the same, and are demonstrably separable [60] .
The development of tolerance to benzodiazepines should not generally be a concern for the typical patient for whom the benzodiazepines are prescribed properly per the product labeling-viz., for "short-term" [61] . However, benzodiazepines are often prescribed for durations that far exceed instructions in FDA product labeling [62] . While not necessarily a problem per se, the development of tolerance is manifested in an important, and often negative, manner upon abrupt cessation of drug use. In this situation, the compensatory physiological mechanisms are now unopposed, and the person (legitimate user or abuser) experiences symptoms opposite to the drug-induced effects. These effects are termed "withdrawal symptoms", and the process itself is termed "withdrawal".
[63] Unlike the development of tolerance, withdrawal symptoms are immediately noticeable to the person, are disagreeable or dysphoric, and they serve as a drive to want to restore physiological homeostasis by taking the drug again, which contributes to the phenomenon that is known as "craving" [64] . The important point to note is that the desire to take the drug is not related to the initial medical need, but rather to a desire to counteract the unpleasant experiences of not taking it.
The difficulties associated with withdrawal and craving can be avoided or ameliorated in several ways. One is to reduce the development of tolerance by limiting benzodiazepine prescribing to the recommended use "short-term" per current guidelines. Another is to avoid abrupt discontinuation of drug by "tapering" at the end of the course of treatment. Detailed advice about effective tapering of benzodiazepines is readily available [65] . 
Conclusion
Insomnia is a prevalent condition in the older adult pain population. As a result of the lack of adequate quantity and quality of sleep, a vicious cycle is initiated with consequential further decrease in quality of life. But treating insomnia in geriatric chronic pain patients is not straightforward, and it requires clinical prudence. Short-term use of benzodiazepines and the "Z"-drugs, which may be a reasonable option for some younger adult patients, is not generally recommended for use in older adults, and is specific cautioned against by the CDC for patients on opioid therapy. This population requires extra thoughtful clinical judgment and thorough and persistent follow-up. The 1 st -line approach in this population involves nonpharmacologic treatment strategies followed if needed by newer drugs that do not directly affect the GABA A system.
